Abstract. The aim of the present study was to determine the expression of leukemia inhibitory factor (LIF) and LIF receptor (LIF-R) in the endometrium of fertile and infertile women during the implantation window. A prospective study was conducted between March 2013 and March 2015 at IAKENTRO, Infertility Treatment Center (Thessaloniki, Greece) and the 3rd Department of Obstetrics and Gynecology, Aristotle University of Thessaloniki (Thessaloniki, Greece). The patient group consisted of women diagnosed with infertility, whereas the control group consisted of women who had delivered at least one live newborn (fertile women). An endometrial biopsy was obtained using a Pipelle on day 7 or 8 post-ovulation, and the expression of LIF and LIF-R was assessed by immunohistochemistry in epithelial and stromal cells. Primary outcomes included positive cellular percentage, staining intensity and H-score. P<0.05 was considered to indicate a statistically significant difference. Overall, 45 women were included in the present analysis (15 fertile women and 30 infertile women). Mean age was 32.8±6.0 years for the fertile group, and 37.6±3.7 for the infertile group. LIF and LIF-R expression was significantly reduced in the epithelial cells of infertile women (P=0.05 and P=0.006, respectively). However, no significant differences were detected with regards to the expression of LIF in stromal cells (P=0.95). In addition, LIF-R expression was relatively higher in the stromal cells of the fertile group; however, the difference did not reach statistical significance (P= 0.10). In conclusion, endometrial expression of LIF and LIF-R is significantly reduced in the epithelial cells of infertile women. Expression patterns of LIF-R in stromal cells require further research in order to achieve definitive results.
Introduction
Implantation occurs during a specific period of the menstrual cycle, known as the window of implantation (between day 6 and day 10 of the cycle, following the luteinizing hormone surge), and is dependent on a synchronized dialogue between the embryo and endometrium. This dialogue is mediated by specific biochemical factors, including hormones, growth factors, enzymes, integrins and cytokines (1) (2) (3) .
Leukemia inhibitory factor (LIF), which is a multifunctional protein that belongs to the interleukin-6 cytokine family, exerts numerous regulatory actions on various domains of cellular function (4) . LIF was initially reported to induce macrophage differentiation in M1 murine myeloid leukemic cells, and to suppress their proliferation in vitro (5) . LIF was later examined in transgenic mice, and was identified as the first necessary cytokine for implantation (6, 7) . Furthermore, LIF expression has been detected in both the embryo and endometrium, and its role expands from blastocyst development and endometrial differentiation to blastocyst attachment and invasion of the endometrium (4, 8) .
LIF exerts its actions by interacting with its receptor, which is a heterodimer composed of two transmembrane proteins, LIF receptor (LIF-R) and glycoprotein 130 (gp130) (9) (10) (11) . LIF-R selectively interacts with LIF, whereas gp130 may also interact with other cytokines. LIF is initially connected to LIF-R with low-affinity binding, which in turn induces dimerization with gp130, leading to a high-affinity receptor (1, 4, 12, 13) . Development of the heterodimer receptor induces numerous intracellular signaling pathways, including the phosphatidylinositol-3-kinase, mitogen-activated protein kinase, and janus kinase/signal transducer and activator of transcription pathways, through which LIF performs its numerous actions (14) (15) (16) (17) .
The presence of LIF and LIF-R in endometrial cells, alongside alterations in their expression levels during the LIF and LIF-R expression in the endometrium of fertile and infertile women: A prospective observational case-control study CHRYSOULA (18, 19) . During the proliferative phase, LIF and LIF-R endometrial expression is reduced; however, after ovulation there is a gradual increase in LIF and LIF-R levels, which continues until the end of the menstrual cycle. LIF expression is maximized in endometrial cells during the mid-luteral phase (8, 20, 21) . LIF concentration is maximized between days 7 and 12 post-ovulation, whereas the levels of LIF-R and gp130 have been reported to peak between days 19 and 25 of the menstrual cycle (22) (23) (24) . The increased expression of LIF and its receptors during the mid-secretory phase coincides with the implantation window, thus indicating the significance of this cytokine for endometrial receptivity (25) . Despite the fact that a decisive role has been recognized for LIF in animal implantation, few studies have compared LIF expression patterns between fertile and infertile women. Furthermore, a review of the literature indicates that no data is available regarding the expression patterns of LIF-R in the epithelial and stromal cells of infertile women during the implantation window. Therefore, the main aim of the present study was to compare LIF and LIF-R endometrial expression between infertile and fertile women during the implantation window.
Materials and methods
Study design and subjects. The patients were recruited from 3rd Department of Obstetrics and Gynecology of Aristotle University of Thessaloniki and IAKENTRO Infertility Treatment Center (Thessaloniki, Greece). The present analysis is a prospective observational case-control study, which was performed between March 2013 and March 2015. The patient group consisted of infertile women, whereas the control group consisted of fertile women. Infertile women were defined as patients that had failed to achieve a clinical pregnancy after ≥12 months of regular unprotected sexual intercourse. Fertile women were defined as subjects with at least one live newborn, who had not presented with signs or symptoms of infertility following their last childbirth. Exclusion criteria for both groups included: Age >42 years old, history of gynecological surgical procedures in the cervix and uterus, endometrial hyperplasia, polyps, gynecological cancer, and cervical intra-epithelial dysplasia. Fertile women with a history of miscarriage and ectopic pregnancies were also excluded. Informed consent was obtained from all of the women participating in the present study. The present study was approved by the Institutional Review Board and Ethical Committee of Aristotle University of Thessaloniki (Thessaloniki, Greece).
Description of intervention.
All women underwent persistent ultrasound evaluation, in order to determine their day of ovulation. Transvaginal ultrasound was performed from the 8 th menstrual day on a daily basis, and the maximum diameter of the predominant follicle was measured. The day during which the maximum diameter of the follicle was detected, which on the next day was followed by elimination or heterogeneity of clear ultrasound limits was considered the ovulation day. The cycle was considered as ovulatory only if a follicle with a mean diameter >18 mm was observed, otherwise the subject was excluded from the study.
All women fulfilling the inclusion criteria of the present study had an endometrial biopsy 7 or 8 days after ovulation. Endometrial biopsy was performed using a Pipelle de Cornier ® (Prodimed, Neuilly-en-Thelle, France). All biopsies were performed by the same physician (Y.P). Endometrial tissue was added to 10% formalin solution and immunohistochemistry (IHC) was performed by a specialized pathologist. The pathologist was unaware of the sample origin (fertile/infertile) and the menstrual day of the biopsy (blind examiner).
IHC. Each specimen was fixed in 10% buffered formalin solution for 12 h at room temperature. The specimens were prepared according to the routine procedure: Overnight dehydration in an automated closed type tissue processor, followed by paraffin embedding. Serial 3.5 µm sections were cut from each paraffin block using a rotary microtome, and were set in positively charged SuperFrost microscope slides. These slides were used for immunohistochemical staining, whereas another plain microscope slide was stained with hematoxylin and eosin (Atom Scientific, Manchester, UK). The positively charged slides were deparaffinized in an incubator at 64.5˚C for 45 min. Immunostaining was performed using an automated immunostainer (Bond; Leica Biosystems Ltd., Newcastle, UK). A kit was used with the immunostainer for the detection of primary antibodies (Bond Polymer Refine Detection; Leica Biosystems Ltd.), which contained 3.0% hydrogen peroxide, polymer penetration enhancer (Post Primary), polymer-horseradish peroxidase anti mouse/rabbit immunoglobulin G, 3,3'-diaminobenzidine tetrahydrochloride and hematoxylin. The deparaffinization was performed with incubation of the slides for 1 h in 60˚C, prior to the procedure. Using the immunohistochemical kit provided the slides were incubated with H 2 O 2 for 5 min, followed by application of the optimal antibody for 10 min (LIF in pH9 and LIFR in pH6), incubated with the post primary antibody solution for 10 min, with the polymer for 10 min, with DAB for 10 min and stained with hematoxylin for 5 min. At the end of the protocol, the slides were hydrated through ascending alcohols, cleared with xylene and mounted. Rabbit polyclonal antibodies were used for the detection of LIF (cat. no. HPA018844; Sigma-Aldrich, St. Louis, MO, USA) and LIF-R expression (cat. no. sc-659; C-19; Santa Cruz Biotechnology, Inc., Dallas, TX, USA, ).
Histological dating was assessed according to the histological criteria outlined by Noyes et al (26) . A sample was considered as out-of-phase when the histological dating differed >3 days from the chronological dating. IHC staining was assessed by optical microscopy (DM1000; Leica Microsystems GmbH, Weltzar, Switzerland). Liver, kidney and lung tissues were used as control samples. Endometrial samples were considered positive when the cells were stained brown. The percentage of positive cell staining was measured in every sample. Staining intensity was evaluated using a score scale between 0 and 3: Score 0, no staining; 1, mild staining; 2, moderate staining; and 3, intense staining. H-score was defined as Σxi (i+1) of positive cell percentage and staining intensity (27) . The H-score is a method of assessing the extent of nuclear immunoreactivity. The score is obtained by the formula: 3 x percentage of strongly staining nuclei + x percentage of moderately staining nuclei + percentage of weakly staining nuclei, giving a range of 0 to 300. These parameters were examined separately for epithelial and stromal cells. Scoring of all tissues was performed blindly by the same physician (S.M.).
Independent variables and epidemiological characteristics.
The epidemiological characteristics of the women included in the present study were examined. Obstetrical history of the women was examined, including gravidity, parity, mode of delivery for fertile women, and number of potential miscarriages and abortions. For the infertile women, the exact cause of infertility, and previous attempts at in vitro fertilization and their outcome were examined. Menstrual day on which the biopsy was performed, the interval between day of ovulation and day of biopsy, and endometrial thickness at biopsy were also recorded.
Primary and secondary outcomes. Primary outcomes were defined as the percentage of positive cellular staining, the intensity of staining, and the H-score of LIF and LIF-R expression in the epithelial and stromal cells of fertile and infertile women. Secondary outcomes included the endometrial dating of obtained samples, as well as the rate of out-of-phase endometrial tissues in the two study groups.
Statistical analysis. Statistical analysis was performed using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). Mean values, standard deviation and standard error of the mean were estimated for continuous variables, whereas categorical variables were expressed as percentages. Numerical variables of the present study were tested for normality using the Κοlmogorov-Smirnov test. Independent samples t-test was used for the comparison of normally distributed variables, and Μann-Whitney test was used for the comparison of non-normally distributed variables. Fisher's exact test (χ 2 criterion) was used to analyze the categorical parameters of this study. Both primary and secondary outcomes were compared between the fertile and infertile women (groups 1 and 2). P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. Overall, 20 fertile and 40 infertile women were initially included in the present study. Ovulation was confirmed in 17 fertile and 33 infertile women. Adequate tissue was obtained from 15 fertile and 30 infertile women. A flowchart of the patients included in the present study is presented in Fig. 1 .
Mean age was 32.8±6.0 years for fertile women, and 37.6±3.7 years for infertile women. The parameters of gynecological history were similar between the two groups, and epidemiological characteristics for both groups are presented in Table I .
Endometrial biopsy characteristics. Menstrual day of ovulation was 12.3±1.4 for fertile women, and 14.1±1.8 for infertile women (P=0.002). The interval between ovulation and biopsy was comparable between the two groups (P=0.17). Menstrual day at biopsy obtainment was 19.3±1.6 for the fertile group, and 21.3±1.8 for the infertile group (P=0.001).
Endometrial thickness was significantly lower in infertile women (8.8±1.7 mm) compared with in the fertile controls (10.6±2.9 mm) (P=0.02). Characteristics of the endometrial biopsy are presented in Table II .
Primary outcomes. The expression of LIF and LIF-R was significantly lower in the epithelial cells of infertile women compared with the fertile controls. No significant differences were detected regarding the expression of LIF and LIF-R in the stromal cells between the two groups.
LIF expression was detected in a significantly higher percentage of epithelial cells in the fertile group compared with the infertile group (P=0.05). Intensity of staining was comparable between the two groups (P=0.21); however, H-score for epithelial LIF expression was 105.7±28.5 in fertile women, as compared with 61.2±15.0 in infertile women (P=0.05). Regarding LIF expression in stromal cells, no significant difference was detected between the fertile and infertile women (P=0.95).
The percentage of cells positively stained for LIF-R and staining intensity were significantly lower in the epithelial cells of infertile women (P=0.04 and P=0.002, respectively). In addition, LIF-R H-score for epithelial cells was significantly reduced in infertile women (128.4±11.2) compared with fertile controls (189.2±19.5) (P=0.006). Regarding LIF-R expression in stromal cells, the H-score was higher in fertile women; however, the difference did not reach statistical significance (P= 0.10). Positive cellular percentage and staining intensity were comparable between the two groups (P=0.19 and P=0.29, respectively). Primary outcomes of the study are presented in Table III .
Images of IHC staining of LIF and LIF-R expression in the epithelial and stromal cells of fertile and infertile women are presented in Figs. 2-5 . Secondary outcomes. The difference between normal histological dating according to menstrual day, and observed endometrial histological dating was significantly higher in the infertile group (P=0.02). In addition, there was a higher rate of out-of-phase endometrial tissues in the infertile group (66.7%) compared with in the fertile control group (26.7%) (P=0.01). Secondary outcomes of the present study are presented in Table IV .
Discussion
The present study demonstrated that LIF and LIF-R expression is significantly lower in the epithelial endometrial cells of infertile women, as compared with in fertile women. Furthermore, LIF-R expression may be impaired in the stromal cells of infertile women; however, this hypothesis requires further investigation in a larger sample size.
A review of the literature revealed a discrepancy regarding the expression of LIF in the epithelial endometrial cells of infertile women. Numerous studies have detected lower levels of this cytokine in the epithelial cells of infertile women compared with fertile women. Mariee et al (28) analyzed 15 endometrial biopsies from fertile women, and 45 from infertile women with unexplained infertility and multiple implantation failure (MIF), and reported that LIF expression was significantly decreased in the epithelium of infertile women. Similar observations were made by Wu et al (29) in a total of 30 endometrial biopsies, and by Dimitriadis et al (30) in a total of 15 biopsies from women with unexplained infertility and endometriosis, respectively. Decreased LIF expression has also been reported in studies using quantitative polymerase chain reaction or enzyme-linked immunosorbent assay analyses of either endometrial tissue or uterine flushing samples (31, 32) .
Conversely, previous studies have reported similar LIF expression between the epithelial cells of fertile and infertile women. Xu et al (33) studied LIF expression in 30 infertile women who suffered from recurrent pregnancy loss, and observed no significant difference in epithelial endometrial cell expression compared with the fertile control group. However, recurrent pregnancy loss alone should not be considered proof of infertility, since embryo attachment, invasion and implantation have successfully occurred in these cases. Furthermore, miscarriage that occurs after the 6 th week of gestation is usually caused by factors not related to the endometrium. Similar LIF expression between epithelial and stromal cells has also been observed by Mikolajczyk et al (34) in a study that compared the results from 14 infertile women with endometriosis and 21 fertile controls. The LIF intracellular signaling pathway is disturbed in not all, but in some cases of female infertility, dependent on the cause of infertility. Aghajanova et al (35) reached the conclusion that LIF intracellular signaling is predominantly affected in cases of unexplained infertility with MIF. In a subsequent study, the same author observed that deficient LIF expression is not a constant finding in infertile women; however, increased expression is indicative of endometrial receptivity (36) . Therefore, it was concluded that evaluation of LIF expression on its own may not be sufficient for definitive conclusions regarding implantation achievement, even in women with unexplained infertility. Further research is required to assess the exact LIF expression patterns in various infertility sub-groups.
Numerous studies regarding LIF expression in the endometrium of infertile women have been performed; however, less studies have been conducted regarding the expression patterns of LIF-R. As previously stated, the basic condition of LIF action is its connection with LIF-R as a primary step to create a high-affinity binding heterodimer. However, a review of the literature revealed no study that directly compared LIF-R expression between fertile and infertile women during the implantation window. Cullinan et al (18) studied the expression patterns of LIF-R in the proliferative and secretory phases, concluding that there is a possible autocrine/paracrine interaction between LIF and LIF-R at the luminal epithelium. In addition, in a hamster study performed by Ding et al (37) a significant role for LIF-R was identified in uterine receptivity and implantation. The present study is one amongst few that has observed significantly decreased levels of LIF-R in the epithelial cells of infertile women, alongside reduced LIF levels (38, 39) . Furthermore, as the decreased expression levels of LIF-R in stromal cells in infertile women was significant; therefore, future research should be performed to clarify LIF-R expression patterns in stromal cells. These results suggested that the key factor for implantation is not LIF expression, but the synchronized expression of adequate LIF-R, in order to achieve normal implantation.
The present study is not devoid of limitations. A potential confounding variable may be the heterogeneity of the infertile patients with regards to the cause of infertility. However, the authors of the present study believe that expression patterns of various cytokines and molecules associated with the implantation process should be initially studied in the general infertile population, followed by in the specific sub-groups of infertility, particularly in those with unexplained infertility. The present analysis reported the results of a prospective study, including a large sample size, in the domain of reproductive immunology. Furthermore, the present study may be the first to report on the significant alteration of LIF-R levels in the endometrium of infertile women. Expansion of the study into a larger number of patients, and evaluation of LIF and LIF-R expression in the various sub-groups of infertility will hopefully lead to safer and more reliable conclusions regarding the potential pathogenetic role of these molecules in infertility.
In conclusion, the present analysis demonstrated that LIF and LIF-R expression was decreased in the epithelial cells of infertile women. This observation further underlines the predominant role of LIF-R in endometrial receptivity. Further studies elucidating the expression patterns of cytokines in various sub-groups of infertility may define their exact etiopathogenetic role in endometrial receptivity. Investigation into the expression patterns of LIF and LIF-R may ideally lead to the development of tests that could assess endometrial receptivity, in order to improve implantation rates in assisted reproductive technology.
